The molecular nature of the related infectious agents that cause Creutzfeldt-Jakob disease (CJD) and scrapie is poorly understood, and an agent-specific nucleic acid genome has not yet been identified. Several biological manifestations of these agents resemble those seen in retrovirus-induced diseases. We therefore attempted to identify an agent-specific retroviruslike RNA transcript in CJD infectious fractions. A series of synthetic oligonucleotides complementary to known mammalian retroviral primer binding sites were used in a primer extension assay. Substrate nucleic acids isolated from partially purified hamster brain CJD infectious fractions and from parallel normal brain fractions were compared with total starting brain RNA. This sensitive exogenous strong-stop reaction revealed that CJD infectious fractions contained a series of potential retroviral RNAs including apparent transcripts of endogenous hamster IAP genes. Most transcripts selectively recovered in the fractions were substantially protected from micrococcal nuclease digestion, and at least one substrate RNA, consistent with an intracisternal A particle, was packaged in a form that had the same buoyant density as CJD infectivity. Although a completely CJD-specific transcript was not identified, the copurification of potential retroviral transcripts with CJD infectivity suggests that models of disease involving retroviruslike nucleic acid elements deserve further consideration.
The molecular nature of the related infectious agents that cause Creutzfeldt-Jakob disease (CJD) and scrapie is poorly understood, and an agent-specific nucleic acid genome has not yet been identified. Several biological manifestations of these agents resemble those seen in retrovirus-induced diseases. We therefore attempted to identify an agent-specific retroviruslike RNA transcript in CJD infectious fractions. A series of synthetic oligonucleotides complementary to known mammalian retroviral primer binding sites were used in a primer extension assay. Substrate nucleic acids isolated from partially purified hamster brain CJD infectious fractions and from parallel normal brain fractions were compared with total starting brain RNA. This sensitive exogenous strong-stop reaction revealed that CJD infectious fractions contained a series of potential retroviral RNAs including apparent transcripts of endogenous hamster IAP genes. Most transcripts selectively recovered in the fractions were substantially protected from micrococcal nuclease digestion, and at least one substrate RNA, consistent with an intracisternal A particle, was packaged in a form that had the same buoyant density as CJD infectivity. Although a completely CJD-specific transcript was not identified, the copurification of potential retroviral transcripts with CJD infectivity suggests that models of disease involving retroviruslike nucleic acid elements deserve further consideration.
The infectious agents responsible for the slowly progressive human neurological diseases Creutzfeldt-Jakob disease (CJD), kuru, and Gerstmann-Straussler-Scheinker disease and the sheep disease scrapie induce similar neuropathological changes. To date, these agents have resisted a concrete virological and molecular description. On one hand, a variety of biological studies (27) , including work on the identification of agent strains with specific host ranges (5) and the kinetics of agent replication (9) , are consistent with a conventional viral process. On the other hand, electron microscopic studies of more purified scrapie and CJD infectious tissue fractions often, but not invariably, reveal fibrils that resemble amyloid (35, 36) rather than a recognizable conventional viral particle. The profound resistance to inactivation by radiation (3) and disruptive physical and chemical treatments (27) also contributes to the mystique of these agents. Many recent investigations have focused on a host glycoprotein which frequently copurifies with infectivity. This protein has been named PrP (prion protein), with an implication of etiology (45) , or Gp34, solely on the basis of molecular properties (31) . The central enigma of this class of agent continues to be whether they possess an intrinsic nucleic acid genome or are in fact biologically unique forms of an infectious agent constituted only by a host-encoded protein (45) . CJD data have revealed that a substantial amount of PrP can be separated from infectivity (29, 48) , and recent scrapie studies have demonstrated a highly infectious brain fraction containing negligible PrP (1) . An emphasis on potential agent-specific molecules, especially nucleic acids, is therefore warranted.
A number of biological properties of the CJD agent are reminiscent of retroviruses. Foremost among these is an apparent oncogenic potential expressed both in cells cultured from CJD-infected brain (23) and in cells exposed in vitro to crude as well as to sarcosyl-purified CJD infectivity (41) . Similarly, the transmissibility of familial forms of CJD, including documented familial cases of Gerstmann-Straus-* Corresponding author. 167, 1986 ) and transmission of infantile CJD (26) , is consistent with a latent germ line form of agent. The similar pathological changes induced in the brain by selected murine leukemia viruses (11, 61) provides an additional impetus for considering a retroviral model. Because typical retroviruses differ from CJD infectivity in many physical and biologic properties, it is unlikely that these agents are conventional retroviruses. However, fundamental common features have led us to the working hypothesis that a retroviruslike genetic element may be involved, directly or indirectly, in the life cycle of these agents (28, 29) .
Only one previous study explicitly explored the role of retroviruses in these diseases and reported a similar abundance of murine and related feline leukemia virus antigens in normal and scrapie-infected mouse brain (13) . To more completely survey the diverse elements in the expanding taxonomy of retroviruses, we have focused on a fundamental aspect of the retroviral life cycle: the priming of firststrand cDNA synthesis by retrovirus-specific tRNAs located near the 5' end of the viral genome (56) . When permeabilized retroviruses are assayed in vitro, there is a tendency for the endogenous reverse transcriptase to stall at the 5' cap site rather than to jump to the 3' end to complete production of the full-length retroviral transcript. These stalled DNA extension products are discrete in size and correspond to the R-U5 portion of the long terminal repeat (LTR). This extension product is frequently referred to as endogenous strongstop cDNA. This strong-stop reaction can also be reconstructed in vitro with purified retroviral RNA, reverse transcriptase, and a synthetic oligonucleotide complementary to the tRNA primer binding site of the retroviral genome. There are relatively few tRNAs which serve as primers for the large number of characterized mammalian retroviruses. Therefore, reconstructed strong-stop cDNA reactions utilizing a limited number of synthetic oligonucleotides should be able to detect a diverse range of retroviruses and related retroviruslike nucleic acid elements.
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MATERIALS AND METHODS
Preparation of infectious fractions. Human CJD was serially passaged in hamster brain as previously described (24) . Homogenates of the routinely passaged strain typically yield 1 x 108 to 3 x 108 infectious units per g of brain. The preparation and biochemical characterization of the partially purified CJD infectious fractions used in these studies have been previously described in detail (48) . Briefly, frozen brains homogenized in 10% (wt/vol) sarcosyl-25 mM Tris hydrochloride (pH 6.8)-500 ,uM phenylmethylsulfonyl fluoride were centrifuged for 30 min at 25,000 x g. The resultant supernatant was centrifuged at 215,000 x g for 180 min, and the 215,000 x g pellet was extensively washed by repetitive suspension in 25 mM Tris hydrochloride, pH 6.8. The final washed pellet is designated p215w and has been previously extensively characterized (48) . In some studies, the p215w pellet was treated with micrococcal nuclease to generate a fraction designated p215MN. The p215w pellet was thoroughly suspended (1- ,ug of nuclease was added, and the mixture was incubated at 37°C for 4 h. For isopycnic gradient analysis, the p215w pellet was disaggregated at pH 8.9 and centrifuged to equilibrium on 30 to 87% (wt/vol) sucrose density gradients as previously described (48) .
Isolation of nucleic acids. Total cellular RNA was prepared from hamster cerebrum and other tissues as previously described (30) . Nucleic acid was isolated from more purified infectious and control brain fractions by extensive proteinase K digestion ( (19) .
Probes and blots. Clones of the 5' and 3' halves of the endogenous hamster intracisternal A particle (IAP) gene were the generous gift of E. L. Kuff (19) . A cloned representative of the human endogenous retroviral family (pHERV) (47) was provided by A. Rabson. 32P-labeled probes were generated from excised inserts, using random deoxyhexanucleotides (Amersham kit).
For Northern (RNA) blots, 10 ,g of total RNA was analyzed on denaturing 1% agarose-formaldehyde gels (30) and transferred to Zeta probe nylon membranes (Bio-Rad Laboratories) by capillary transfer in 1Ox SSPE (21) . For Southern blots, BamHI digests of genomic DNA were electrophoresed on 0.8% agarose gels and transferred to Zeta probe membranes by capillary transfer in 0.4 M NaOH. Blots were prehybridized in 50% formamide-5x SSPE-5x Denhardt solution-5% SDS-100 ,g of salmon sperm DNA per ml. Hybridization was in 50% formamide-5 x SSPE-10% dextran sulfate-1% Denhardt solution-2% SDS-2 x 106 dpm of probe per ml at 42°C for 24 h. Final stringency washes were at 0.2x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate) and 55°C.
Oligonucleotides complementary to retroviral primer binding sites (see Table 1 ) were synthesized on an Applied Biosystems 360A DNA synthesizer (Yale Medical School). For oligonucleotide hybridization, Northern and Southern blots were prehybridized in 5 x SSPE-5% SDS-5 x Denhardt solution, and hybridization was performed in the same solution with 2 x 106 dpm of 32P-kinased oligonucleotide probe per ml. Southern blots were hybridized at 50°C, and Northern blots were hybridized at 56°C. These temperatures were determined empirically in accordance with published guidelines (58) . After hybridization, blots were multiply washed in 2x SSC at room temperature. Final stringency washes were in 5 x SSPE at the primer hybridization temperature. Exogenous strong-stop reaction. Primer extension assays were performed essentially as described by Houghton et al. (14) . Aliquots of nucleic acid isolated from total brain RNA (40,ug, 0.05-g equivalents) or from p215 fractions (equivalent to 0.25 g of initial brain tissue) were lyophylized with 2 x 106 dpm of kinased oligonucleotide (-0.15 pmol, 1 ng), redissolved in 7 RI of H20, and heated to 95°C for 5 min. The reaction was then adjusted to 360 mM KCI, 10 
RESULTS
Previous bioassay titrations have shown that there are -2 x 108 infectious units per g in end-stage CJD-infected brain homogenates, with -20% of the infectious units recovered in p215 fractions (48) . If a unit of infectivity is equivalent to only a single agent, the amount of a potential agent-specific nucleic acid could be as low as 2 x 10' pmol/108 infectious units. To detect specific sequences at these low levels, a sensitive primer extension assay was developed, using reverse transcriptase and synthetic deoxynucleotides complementary to the tRNA primer binding sites of known mammalian retroviral elements kinased to high specific activity (-3,000 Ci/mM). In principle, primers labeled in this way should be able to detect retroviral transcripts in fractions at a level that corresponds to infectivity (0.25-g equivalents of p215, -1.2 x 107 infectious units, 2 x 10-5 pmol, 132 dpm).
For several known retroviruses, the size of the strong-stop cDNA has been determined empirically. For many others, it can be reasonably predicted from the LTR sequence. Discrete strong-stop cDNA sizes also provide an initial defining characteristic of each substrate species for novel retroviral elements (12) . Each oligodeoxynucleotide primer will be referred to by the three-letter abbreviation of the corresponding tRNA amino acid ( Table 1 ). The sizes of the strong-stop bands observed by using the various primers and nucleic acid isolated from p215 fractions are summarized in J. VIROL. VOL. 64, 1990 Table 2 , with a comparison of strong-stop cDNA sizes of selected known retroviruses.
Southern blot specificity. As a first test for the specificity of oligonucleotide hybridization, genomic blots were evaluated with an IAP clone and with relevant oligonucleotides under the hybridization conditions described above. A probe from the 5' half of an IAP genomic clone hybridizes intensely to a 4.1-kilobase (kb) genomic BamHI digest band ( Fig. 1 ) common to the majority of hamster IAP elements (19, 43) . Phe, which corresponds to the tRNA primer binding site for the majority of hamster IAP elements (42) , hybridizes almost exclusively to this same band. Interestingly, Glu also hybridizes predominantly to the same 4.1-kb DNA band, whereas Gly gives a different pattern of hybridization, with a relatively faint band detectable at 4.1 kb. Each of the other primers utilized also gave distinct hybridization patterns. These results are consistent with sequence-specific hybridization. They also illustrate a pertinent feature of endogenous retroviral elements, i.e., not all of the copies of a given retroviral group have an identical tRNA-binding site. The hamster genome contains -1,000 copies of endogenous IAP retroviral sequences (18) . A reasonable proportion of genomic IAP elements appears to contain a Glu binding site, and a few IAP genomic elements may have a Gly or other tRNA primer binding site. It is known that IAP and other retroviral elements can be variable by recombination, point mutation, and other mechanisms.
Glu yields a highly specific strong-stop signal, consistent with IAP transcripts. Figure 2 shows a reconstituted strongstop experiment using Glu. There is a single strong signal of equal intensity in both normal and CJD total RNA at 132 nucleotides. This is the predicted size of an IAP extension product (42) based on the cloned LTR sequence (R-U5 IAP cDNA length of 114 bases plus 18 bases of primer). The same band is seen in CJD p215 fractions, but in significantly lower abundance. Repeated experiments have shown that the 132-base Glu band can also be detected in control p215 fractions, albeit at approximately fivefold-lower levels. The Glu substrate sequences present in CJD p215 fractions are resistant to micrococcal nuclease digestion (Fig. 2) , and thus these sequences appear to be in a protected form likely to be complexed with protein. CJD fractions exposed to high levels of RNase and micrococcal nuclease show no significant decreases in infectivity titers but do show large decrements in host nucleic acid contamination (29; unpublished data). Together, the data indicate that nucleic acid-containing, viruslike complexes can survive the relatively harsh preparative conditions used for the isolation of these agents.
Glu is of additional interest because it is the primer utilized by a repetitive human endogenous murine leukemia viruslike retrovirus (51), and CJD is propagated from a human source. The human endogenous retrovirus LTR sequence also predicts an extension product of 130 bases. Since the cloned human endogenous retrovirus sequence did not hybridize to hamster genomic DNA under moderate stringency conditions (data not shown), it is more likely that the Glu substrate RNAs detected in total hamster brain and in the infectious fractions represent members of the endogenous hamster IAP family. IAP Primer extension products from total RNA and purified fraction nucleic acids, using a glutamic acid primer binding site oligonucleotide (GLU). Nucleic acids isolated from equal brain weight equivalents of normal (N) and CJD infectious (CJ) p215w fractions and p215w fractions treated with micrococcal nuclease (p215MN) were assayed as described in Materials and Methods. Total and infectious fraction lanes were exposed for 6 days. The arrowheads indicate the position of a 132-base Glu extension band, which is more prominent in CJD p215w fractions than in those from control. IAP gene is the best-characterized endogenous hamster retroviral element. Like the homologous murine element, sequenced hamster IAP genomic clones reveal a phenylalanine primer binding site (37, 42) . A detailed analysis of hamster IAP expression provides insight into the specificity and sensitivity of the primer expression assay. Figure 3 shows parallel Northern blots of total RNA isolated from a variety of hamster tissues probed with a 3.4-kb fragment from the 3' end of a hamster IAP genomic clone (Fig. 3A) or with the Phe oligonucleotide (Fig. 3B ). The genomic IAP probe highlighted a diffuse (0.8 to 8.6 kb) smear of RNAs similar to that seen in low expressor mouse strains (18) . Northern blots probed with the 5' region of the IAP clone generated a similar pattern. The high-molecularweight species were in reasonable accord with the sizes predicted for full-length transcripts of the hamster IAP gene. The smaller species may be analogous to the murine transcripts generated from the internally deleted type TAM, IIA, and IIB IAP elements. The overall relative abundance of IAP transcripts between the various hamster tissues (high in thymus and spleen, intermediate in brain and kidney, and low in liver and lung) was very similar to that seen in mice (18) . The Phe oligonucleotide generated a similar diffuse pattern of hybridization that includes all the RNA species detected with the cloned IAP probe. Phe additionally hybridized to apparently non-IAP transcripts, as seen in the prominent 1.6-kb band of kidney and lung.
Phe extension patterns were far more complex than those of Glu. The tissue distribution of IAP RNAs allowed us, at least in part, to identify Phe extension products that were likely to represent typical IAP RNAs (Fig. 4) . The tissue distribution of the predicted 132-base Phe extension band correlated better with non-IAP transcripts and therefore could not be unambiguously interpreted in brain fractions. However, by using high IAP expressor hamster cell lines in extension reactions with a 5' IAP cloned fragment as well as Phe, it is possible to confirm that the predominant IAP strong stop was 132 bases (data not shown). Extensions with this cloned IAP fragment were not sufficiently sensitive to be informative in brain fractions, probably because of the combined effect of lower primer mass and lower specific activity (-10-fold) in these reactions. The brain tissue fractions did show Phe extension products of -145, -158, and -640 bases, species which have the same tissue distribution as that of IAP RNA (Fig 4, arrowheads) . Comparable minor bands were also identified in the cell lines with both Phe and the IAP gene fragment. Thus, these minor bands are likely to represent IAP variants rather than premature terminations due to secondary structure. Since the murine IAP family has extensive variation in the length of the LTR R region (7), these heterogeneous lengths are not surprising. Some of the Phe transcripts in Northern blot and extension studies may represent other retroviral classes. It is known that the hamster genome contains sequences that hybridize to mouse IAP but not to hamster IAP probes (19) , and additional, as-yet-undescribed retroviral elements that utilize a Phe primer may reside in the hamster genome. On the other hand, some Phe bands detected may have no retroviral relationship and only chance homology to this oligonucleotide. Nonetheless, Phe extensions not only confirm the Northern data and are more sensitive (note the comparatively short autoradiographic exposures in Fig. 4 versus Fig. 3 ) but also identify a 5' position for these sequences that is compatible with that of a typical retroviral primer binding site. The pattern of Phe extensions in the p215w fraction is considerably simpler than that of total RNA (Fig. 5 ). Several common bands are detected (e.g., 132, 145, and -200 bases), but the overall pattern indicates that only selected Phe species are recovered in the more purified fractions. As described above, the 145-base band is likely to represent an IAP element. As with Glu, the Phe substrates are present in a micrococcal nuclease-resistant form. However, no band is completely specific for CJD (see Discussion). Phe bands are essentially equivalent in the control and infectious fractions, with two exceptions. The relative intensity of a 160-base band was reproducibly lower in CJD infectious fractions, whereas an -150-base band is reproducibly higher (Fig. 5) .
Pro, Lys, Gly, and Gln signals. Figures 6 to 8 show representative primer extension products obtained with oligonucleotides complementary to several other mammalian retroviral primer binding sites (see Table 2 for summary). Figure 6 shows the exogenous strong-stop bands obtained with Pro, the primer of a majority of exogenous and endogenous type C leukemia viruses and selected members of other retroviral families. Total brain RNA contains many species complementary to this primer. However, only a J. VIROL. single 170-base band is reproducibly observed in Pro primer extension reactions in the p215 fractions. The intensity of this band is similar in infectious and control preparations. A comparison of the total and fraction reactions suggests that a large proportion of the Pro substrate RNA copurifies with infectivity. The vast majority of Pro species in the p215 fraction is also present in a form that is resistant to micrococcal nuclease. Because the size of this extension product is very close to that observed with murine leukemia viruses, this band probably derives from the incompletely characterized endogenous hamster leukemia virus, HaLV (54) . Highmolecular-weight strong-stop bands, such as those expected from viruses similar to human T-cell leukemia virus type I, were not observed.
Lysine tRNAs are used as primers by a variety of type B and D retroviruses. Figure 7 shows the extension products obtained with an oligonucleotide complementary to the tRNALYS primer binding site utilized by mouse mammary tumor virus (6) and human immunodeficiency virus (57) . Purified control and infectious fractions contain a Lys3 species of 200 bases which is protected from micrococcal nuclease. The size of this band happens to be close to the size expected from the human immunodeficiency virus (57) . As with the Pro band, this Lys3 band is recovered with approximately the same efficiency as that of the infectivity in the p215w fractions. There is also a prominent 100-base Lys3 band of unknown origin which is only partially recovered in fractions. The predicted size of a mouse mammary tumor virus exogenous strong-stop is 152. Although there is a 142-base band in total RNA, p215 fractions contain little of this species.
A number of lentiviruses (49, 50) and the human spumavirus (33) contain a primer binding site complementary to tRNALys.These retroviral sequences have R-U5 lengths ranging from 104 to 160 bases. In strong-stop experiments on brain tissue fractions with Lys1l2, only a faint diffuse smear was seen after prolonged exposures. In contrast to brain, a 170-base band was readily detectable with total RNA extracted from CJD-derived or normal hamster brain lines (23) after selected chemical treatments (data not shown). If a similar RNA is present in brain tissue fractions, its abundance is very low.
The continuing characterization of novel endogenous retroviruslike elements has revealed a range of tRNA primer binding sites which are apparently not present in exogenous retroviruses. A tRNAGin primer is utilized by a novel class of murine-rodent elements (17, 38) , selected VL30 family members, and some apparently recombinant viruses (5, 39) . Gln primed the synthesis of several prominent bands in total brain RNA, but no discrete bands were obtained with p215 fractions (data not shown). Figure 8 shows the extension products obtained with Gly. This experiment demonstrates a remarkable selective enrichment of specific strong-stop signals in p215 fractions. The predominant p215 bands range in size from 275 to 320 bases, and two of these are especially prominent. The intensity of these bands relative to those in total RNA suggests that a substantial proportion of these RNA species are selectively recovered in the p215 fractions. As previously noted (Fig. 1) , the majority of Gly hybridizing genomic DNA is not detectable with cloned IAP probes, suggesting that most of the observed Gly strong-stop bands are probably not closely related to IAP elements. Although tRNAPrO is the predominant primer of murine VL30 elements, some VL30 members use a tRNAGly primer (15) . The LTRs of individual murine VL30 elements vary greatly in size (16) and contain members with R-U5 segments that correspond to the sizes of the bands described here for the hamster. Since the Gly bands are expressed in both uninfected and infected hamster brain, the composite data suggest that the hamster may contain an endogenous VL30-like family of repetitive retroviral elements which utilize a Gly primer binding site.
Strong-stop species can comigrate with infectivity in a density gradient. The marked nuclease resistance of the RNAs in p215w fraction which are substrates for described oligonucleotides suggest that these RNA species exist in some form of protective complex. To verify this, a p215w fraction prepared from CJD-infected brain was solubilized and fractionated by isopycnic sucrose gradient centrifugation (48) . Nucleic acids isolated from pooled fractions were assayed in a primer extension assay, using the Glu oligonucleotide. We utilized Glu for this assay because it represented a reasonably defined IAP element without the complexity of Phe. Figure 9 shows the relative intensity of the 132-base Glu extension cDNA obtained with each pooled gradient fraction. The mean density of the Glu primer substrate was 1.27 to 1.28 g/ml, a density consistent with an RNA-protein complex. The substrate was completely recovered within the gradient rather than as a pellet (which would represent free nucleic acid). This finding correlates well with the near-complete nuclease resistance of the p215w RNA primer substrates. Both the mean density and the relative dispersion of the Glu peak are essentially identical to that of CJD infectivity following exactly the same protocol (48) . DISCUSSION Initially, some groups stressed that there was no detectable nucleic acid in purified fractions of scrapie infectivity (44, 45) and even proposed that this class of unconventional agent did not possess a nucleic acid genome. However, more sensitive approaches now show that all purified preparations of scrapie infectivity do contain nucleic acid (40) . The studies described above represent part of a renewed search for a specific nucleic acid genome that may define these agents. With an approach that emphasizes sensitivity for a wide range of retroviral elements, nucleic acid copurifying with CJD was found to include a selected group of species which contain sequences homologous to retroviral primer binding sites. Because extension reactions were performed with reverse transcriptase in the presence of dactinomycin, these substrates can be identified as RNA rather than as trace amounts of contaminating genomic DNA. Although a more extensive molecular characterization is required to confirm that each of these RNAs is in fact a retroviruslike transcript, the putative primer binding sites are located an appropriate distance from the 5' termini, and at least some RNA species appear to be members of the endogenous hamster retroviral IAP family. The sequences of many retroviral primer binding sites, including those of IAP elements (18) , are often not perfect matches with the presumed priming tRNAs. Therefore, the specificity of hybridization with a short oligonucleotide can be problematic. However, because the reaction conditions of the reconstituted strongstop reaction recapitulates the retroviral life cycle, it is reasonable to assume that the stringency of the reaction appropriately reflects the ability of the substrate sequences to function as primer binding sites.
Several primer binding site oligonucleotides were used to increase the likelihood of identifying a potential CJD retroviral genome, but no completely CJD-specific RNA was observed in repeated experiments. However, the RNA substrates share a number of properties with the infectious agent. They survive homogenization in sarcosyl and exist in a nuclease-resistant form, and at least the Glu substrate RNA comigrates with the same buoyant density as infectivity (1.27 to 1.28 g/ml). A rough calculation of the abundance of each purified fraction RNA based on the specific activity of the primer, extension band intensity, and autoradiographic exposure time suggests that some species approximate, perhaps fortuitously, the number of CJD infectious units present. Some of the potential retroviral RNAs (such as the Gly species) appear to be completely recovered in the p215 fraction; others (such Pro and Lys species) are recovered with roughly the same yield as infectivity. However, for the majority of substrate RNAs, particularly those related to hamster IAPs, the amount found in p215 fractions is only a small proportion of the total transcripts present in brain. This situation is similar to that of many retroviruses in which only a small proportion of transcripts are destined to become particle genomes (56) .
Overall, the physical properties of potential retroviral transcripts and of the infectious agent in the p215 fractions are more suggestive of retroviral core particles than of conventional retroviruses. Cores purified from Rous sarcoma virus and avian myeloblastosis virus have densities of 1.28 and 1.27 g/ml, respectively (46, 52) . The cores of murine IAPs sediment through 68% sucrose, consistent with a density greater than 1.25 g/ml (32) . In many respects, the murine IAP particle provides an interesting conceptual model of a potential structure for the CJD agent. The inner shell which forms the surface of the core consists of an extensively disulfide-cross-linked, unprocessed gag precursor which renders the particle resistant to denaturation by SDS and guanidine (32) . This resistance is remarkable, since one argument for the unconventional nature of CJD and scrapie agents relates to their unusual chemical resistance. The outer IAP shell, formed from the endoplasmic reticulum, concentrates a normal host protein, some of which is strongly associated with the core. As this host protein is stripped from the IAP, its density increases from 1.22 g/ml (60) . In CJD infectious fractions prepared at pH 6.8, the majority of infectivity and the bulk of the copurifying PrP migrate with a density of -1.21 g/ml. When the pH is raised to 8.9, infectivity migrates with a density of 1.27 to 1.28 g/ml and is separated from 50 to 70% of this copurifying host protein (48; unpublished data). However, unlike IAPs, a proportion of this host protein remains associated with CJD infectivity. Because alleles of the PrP protein correlate with incubation time (10, 59) , this association may be more than fortuitous. We have previously suggested that this host protein may be an agent receptor molecule (29) ; in this role, it could affect incubation periods and also be difficult to completely strip from infectivity.
If the substrate RNAs in the purified fractions are retroviral transcripts packaged as core particles, they should be associated with an endogenous reverse transcriptase. In fact, both control and CJD p215w fractions can incorporate, in the presence of dactinomycin, labeled deoxynucleotide triphosphates into a smear of base-resistant products with apparent sizes of 100 to 300 bases. The reaction requires Mg ions and the presence of all four deoxynucleotide triphosphates. However, because the low yield of diffuse products portion of the p215w fraction (equivalent to 0.5 g of starting CJD-infected brain tissue) was solubilized and fractionated by isopycnic sucrose gradient centrifugation (48) (see Materials and Methods). Nucleic acids isolated from pooled adjacent fractions were used as substrates in a primer extension reaction with Glu. The intensity of the strong-stop 132-base band was quantitated by densitometry in each fraction (bars) and compared with a standard portion of unfractionated CJD p215w nucleic acid for assessment of recoveries. did not permit the demonstration of an RNA primer able to be hydrolyzed, it was not possible to conclude that these products represented endogenous strong-stop cDNAs (data not shown).
All of the observed substrate RNAs in the fractions may represent coincidentally expressed endogenous hamster elements that copurify with, rather than constitute, the CJD agent. Additional purification steps may eventually separate many of these protected RNAs from infectivity. Nevertheless, the fractions used in these studies are sufficiently enriched to warrant several conclusions, not the least of which is the possibility that the CJD agent has a retroviruslike genomic sequence (28) . As additional novel tRNA primer binding sites are described, it is possible that a CJD-specific extension band will be detected. When human CJD is transmitted to heterologous species, the initial incubation period is typically prolonged. With subsequent serial passage, the incubation period shortens, eventually reaching a stable incubation period which varies with the host species (22, 24) . One possible explanation for this biological property is that there is recombination between an agent genome and a host element. The final agent-specific contribution could be quite small. The neuropathological properties of the murine leukemia tsl virus are determined by two base changes in the envelope gene, one influencing expression in the central nervous system and the other causing pathologic sequelae (53) . Clearly, such subtle changes would not be detected by the assay described above, which only examines a portion of the LTR and which yields insufficient counts for direct sequencing. Construction of libraries from nucleic acids in nuclease-treated preparations should provide ample material for detailed sequence analyses of both LTR and other more representative regions of these potential retroviral transcripts. Finally, as previ-...... ..i ". '.. I J. VIROL. ously suggested (25) , the agent-specific component need not be intrinsically retroviral. It could be a mobile insertion element that parasitizes a host retrovirus, taking advantage of the structural proteins and replicative machinery of the endogenous element. The insertion elements within type IIB murine IAP elements provide a model for such a process (20) . ACKNOWLEDGMENTS This work was supported by Public Health Service grants NS 12674 and AG 03106 from the National Institutes of Health.
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